ABSTRACT -Although cadmium causes hepatotoxicity, its molecular mechanism is unclear. In the present study, transcriptional responses in the liver of C57BL/6J mice given 50 ppm cadmium as a drinking water for 30 days were evaluated with DNA microarray. Serum aspartate aminotransferase (AST) and alanine aminotransferase (ALT) activities were not elevated following the administration of cadmium. Cadmium increased the expressions of 2 genes and reduced those of 15 genes in the liver of mice before the leading to hepatotoxicity.
INTRODUCTION
Cadmium (Cd) is an environmental pollutant that causes a number of serious toxicities including renal injury, hepatic injury, pulmonary edema, osteomalacia and testicular damage (Järup et al., 1998; Zalups and Ahmad, 2003) . Liver is the major target organ of Cd toxicity following acute (Hoffmann et al., 1975; Dudley et al., 1982) and chronic (Järup et al., 1998) exposure. However, the molecular mechanism of Cd hepatotoxicity is not clear. Recently, our studies have demonstrated that a gene noted in DNA microarray was a cause of Cd renal toxicity in vitro and in vivo (Tokumoto et al., 2011a (Tokumoto et al., , 2011b . Therefore, DNA microarray analysis is a useful method to obtain information about the alterations of gene expression after exposure to various toxicants. In this study, we examined the effect of Cd on gene expression in the liver of mice by DNA microarray analysis.
MATERIALS AND METHODS

Animals and treatment
Eight-week-old female C57BL/6J mice were housed in cages in an animal room at a controlled temperature of 23 ± 1°C with relative humidity, and a 12-hr light/ dark cycle according to the vivarium of the laboratory animal facility of Gifu Pharmaceutical University. Mice (n = 5) were fed standard laboratory chow ad libitum, and housed as a control group and Cd-exposed group. Mice in the Cd-treated group were given distilled water contained 50 ppm Cd (CdCl 2 ; Wako, Osaka, Japan) as drinking water for 30 days. After Cd exposure, mice were sacrificed by ether anesthesia and the blood and liver were removed from each mouse.
Evaluation of hepatotoxicity
The activities of aspartate aminotransferase (AST) and alanine aminotransferase (ALT) in the serum were determined as an indicator of hepatotoxicity using the automatic dry-chemistry analyzer system (Spotchem EZ SP-4430; Arkray, Kyoto, Japan). Extraction of RNA Total RNA was extracted from the liver using the SV Total RNA Isolation System (Promega, Madison, WI, USA) and stored at -80°C.
DNA microarray analysis of hepatic gene expression in
DNA Microarray analysis
Purified total RNA (100 μg) from the livers of 5 mice was reverse transcribed by Superscript II reverse transcriptase (Life Technologies, Carlsbad, CA, USA) with Oligo (dT) 12-18 primer (Life Technologies) and dNTPmix (Life Technologies) which contains Aminoallyl-dUTP (Life Technologies). Complementary DNAs (cDNAs) from the control and Cd-exposed mice were labeled with fluorescent dyes Cyanine (Cy) 3-and Cy5-labeled nucleotide (GE Healthcare, Buckingham, UK), respectively. Ace Gene Oligochip 30K (DNA Chip Research Inc., Kanagawa, Japan) as a DNA microarray slide was used for the target gene search contained 30,000 spots of mouse oligo DNA. The mixture of the labeled cDNAs from the control and Cd-exposed mice was hybridized with the DNA probes on the array for 16 hr at 42°C using a Lucidea SlidePro Hybridizer (GE Healthcare). A fluorescent image of the slide was recorded with CRBIO (Hitachi Software Engineering, Tokyo, Japan). The digitized image data were processed with DNASIS Array software (Hitachi Software Engineering). After global normalization, the data were filtered to exclude genes with low expression levels. The ratio of the intensity of Cy5 (Cd-exposure) to that of Cy3 (Control) was then calculated and a 2-fold change was used to select up-regulated and down-regulated genes. Information on each gene on the slide was obtained from the National Center for Biotechnology Information (NCBI) database.
RESULTS AND DISCUSSION
The activities of AST and ALT in the serum were not changed by Cd exposure (data not shown). We found that Cd increased expression levels of 2 genes more than 2.0-fold (Table 1 ) and decreased those of 15 genes less than Table 1 . Up-regulated genes in the liver of mice exposed to Cd (≥ 2.00-fold)
Gene name Accession number Ratio
Zinc finger and BTB domain containing 4 (Zbtb4) NM_029348 2.38
Replication protein A2 (Rpa2) NM_011284 2.34 Table 2 . Down-regulated genes in the liver of mice exposed to Cd (≤ 0.50-fold) (Table 2) . In this experiment, Serum amyloid A 2 (Saa2) was the lowest expression in the liver of mice exposed to Cd. There are opposite reports that Cd reduced (Honda et al., 2010) or increased Saa2 gene expression level (Yiangou and Papaconstantinou, 1993) . Eya1, Eyes absent 1 homolog (Drosophila), was down-regulated 0.32-fold by Cd. Doi et al. (2012) also demonstrated that Cd reduces the gene and protein expressions of Eya1 in the chick embryo. However, there has been no report on other genes that associated with the transcriptional regulation response to Cd exposure in the liver of mice. These findings provide information that Cd changes the expression of specific gene in the liver of C57BL/6J mice.
